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Abstract 
28 suitable localities of Mexico were identified in order to install seawater desalination plants by means of reverse 
osmosis process. The proposed desalination plant was acquired by the IMPULSA IV program and it is powered by 
solar PV panels. The procedure followed was to search information about localities with drinking water shortages, 
low population, salt or brackish water availability and a good solar irradiation level.  
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1. Introduction 
 
Mexico is a country with great inequality about its drinking water distribution. Southern Mexico has 
a high availability, whereas there is a regular shortage in the central zone and, in the north, there is a 
strong shortage, especially in the northwestern area. Nevertheless, the entire territory has specific places 
with shortages such as in the capital of the country, the Federal District. In 2004, the National 
Autonomous University of Mexico established a project called IMPULSA IV [1] to conduct research on 
seawater desalination using renewable energy. The project was given to the Engineering Institute because, 
by decades, it has carried out research on this area. Also, research of solar energy use has been conducted 
in this Institute for the last 36 years. Solar energy could be used as energy source in desalination 
processes, specifically reverse osmosis. 
In this paper, the procedure followed to identify and select the places in Mexico with suitable 
characteristics to this technology is described. 
 
2. Drinking water situation in Mexico 
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Mexico has approximately 0.1% worldwide of the total available freshwater; Therefore a susbtantial 
percentage of the territory is considered a semi-arid area.  
Annually, Mexico receives about of 1489 thousands of millions of cubic meters of rainwater. 73.1% 
of this water is evapotranspired and returns to the atmosphere, 22.1% runs by rivers or streams, and the 
remaining 4.8% is infiltrated into the subsoil in a natural way and refills the aquifers. Taking into account 
the exports and imports of water to and from neighboring countries, the country counts with 460 thousand 
millions of cubic meters of fresh water per year. The behavior of this fresh water has three important 
features: 
x Temporal distribution. In Mexico, there are large renewable water variations throughout the year. 
Most of the rainfall occurs in the summer, while the rest of the year is relatively dry. 
x Spatial distribution. While in some regions of the country heavy rainfall occurs and there is a low 
population density, in other places the opposite situation happens. 
x Analysis area. The water problem and its attention are basically local. The calculated indicators on a 
large-scale conceal large variations that exist across the country. 
According to the United Nations (UN), a country with water shortages has less than 1000 available 
cubic meters per person per year, which is not enough to provide a suitable diet or to support economic 
development. The water shortage is also a potential cause of severe environmental damage.  
 
Countries with 1000 to 1700 cubic meters per person per year are said to be water-stressed. Mexico 
is among the countries considered as water-stressed, and even its capital is considered a water shortage 
basin (see Fig 1). The excessive consumption by every inhabitant will produce even greater water 
shortage, which will compound to the problem, since the water will not be enough. In that situation, we 
will have to resort to some technologies that can provide us with the vital liquid.  
 
3. Reverse osmosis desalination plant 
 
The reverse osmosis phenomenon is described in Fig 2. 
 
The reverse osmosis desalination plant process is shown in Fig 3. Feed salt water pressure is 
increased by pumps supplied with electrical energy. The water transverses some tubes with interior 
semipermeable membranes, which block the passage of salts and leave the waters to flow. Thus the 
water is separated into two streams, one with a high salt concentration (the current that has not crossed 
the semipermeable membrane), which is known as concentrated; and the other, with low salt 
concentration (the current that has crossed the semipermeable membrane), known as permeated or water 
product. 
 
The permeated water is in low pressure; whereas concentrated water is in high pressure; therefore, 
part of its energy is recovered through various energy recovery systems like Pelton turbines, pressure 
exchange systems and turbochargers [2]. 
 
In reverse osmosis the membrane role is critical, since it must possess the following characteristics: 
x It must be able to withstand the operating pressures. 
x It must reject a higher percentage of salts so it yields a good quality product. 
x It should be permeated enough so as the supplied water flow is high. 
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Fig. 1 Water worldwide volume per year per person [5] 
 
 
Fig. 2 Description of the reverse osmosis phenomenon  
 
In the market there are different types of membranes, each one with its own characteristics. The 
most one used in the reverse osmosis is the spiral membrane. 
 
The desalination plants can have different kind of arrangements. They can also have diverse degrees 
of complexity according to their size, sort of salt water to be desalinated and the quality of the product 
wanted. During the design and the installation, the following stages must be taken into account, from the 
feeding intake to the tank where the permeated water will be stored. 
x Feeding (intake) 
x Pre-treatments 
x Desalination 
x Post-treatments 
x Storage 
The feeding salt water passes through a pump whose function is to carry the salt water through 
dispensers and equipments, where water is pretreated. The pretreatment stage is fundamental and 
essential, because therein the salt water feeding is properly equipped to be put into the membranes. 
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Pretreatments are divided into two parts: the physical one (coarse and fine filtration), to remove dissolved 
solids, biological material or tiny particles; and chemical (acid and coagulant addition and chlorination). 
Before the desalination, it is necessary to check the level of chlorine level and dechlorinate by sodium 
bisulfate, if necessary. The salt separation is made by the reverse osmosis process described before.  
 
At this point, feed water is ready to be pumped by the main pump through the membranes so as to 
get two currents: permeated and concentrated. Permeated is post-treated by de-chlorination and re-
mineralization for human consumption, while concentrated is discarded.  
  
 
Fig. 3 Operation of the desalination plant 
 
4. Desalination solar plant 
 
The project IMPULSA IV, part of the Engineering Institute, carries out research and development 
on desalination using renewable energy. The project owns a desalination plant. This plant has a 1.6 
m3/day capacity with a solar photovoltaic system. The arrangement consumes 10 amperes at 127 volts AC 
supplied with 12 Kyocera panels, 1.34 kW total photovoltaic power in environmental conditions. 
Membranes used are SW30-4040 Filmtec brand. This model features a 99.4% salt rejection. This 
desalination plant scheme, shown in Fig 4, is composed of the following main elements: 
x Reverse osmosis membranes 
x Cabinets and checkerboard 
x Dual filter or sand filter 
x Containers 
x Cartridge Filters 
x Hydraulic pumps 
x Dispensers 
Currently the desalination plant is tested at the Polytechnic University of Baja California and San 
Pedro village, Baja California. It is expected to be used in any location that requires their services at the 
end of this year. Fig 5 shows the experimental plant at the testing place. 
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Fig. 4 Desalination plant scheme 
 
  
 
Fig. 5 Experimental solar desalination plant 
 
5. Selection method of the desalination places 
 
In the beginning, an analysis of states and localities with a population between 40 and 5000 
inhabitants with water shortage was carried out. The results [3] are shown in the table 1. 
 
The next step was to identify localities which have access to seawater or brackish water availability. 
The following table shows the localities with drinking water shortage, localities with 40-5000 inhabitants 
and salt water or brackish water availability (see table 2). 
 
5.1 Solar resource 
 
In order to evaluate the solar resource in the localities of interest, we used a computer program 
(RADII) developed in the Institute of Engineering [4]. This program works in a simple way, but it is very 
effective, because ¡by just requesting the geographic location (latitude and longitude) as input admittance, 
it renders the average global irradiation for each month of the year. Table 3 shows the 28 locations that 
cover the previous requirements as well as having a satisfactory level of global solar irradiance. 
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Table 1.  Localities with low population and water shortage 
 
States Total number of localities Number of localities 
with 40-5000 
inhabitants 
Baja California S 297 22 
Oaxaca 1694 1042 
Jalisco 1071 355 
Sinaloa 668 222 
Sonora 821 126 
   
Zacatecas 437 160 
Durango 540 179 
Coahuila 642 135 
Nuevo León 700 159 
Chihuahua 1015 231 
Note. First 5 border sea 
 
Table 2 .Localities with low population and water shortage 
 
States Total 
localities 
Number of localities 
with 40-5000 inhabitants 
Localities with salt water 
or brackish water 
Baja California S 297 22 22 
Oaxaca 1694 1042 127 
Jalisco 1071 355 26 
Sinaloa 668 222 60 
Sonora 821 126 67 
    
Zacatecas 437 160 64 
Durango 540 179 70 
Coahuila 642 135 102 
Nuevo León 700 159 46 
Chihuahua 1015 231 8 
TOTAL 7885 2631 592 
 
 
6. Conclusions and recommendations 
 
28 localities in 10 Mexican states were identified. In these localities, solar energy can be used in the 
seawater or brackish water desalination using solar photovoltaic energy. This was one of the aims of the 
approach that the IMPULSA IV program suggested at the beginning. 
 
The proposed solar photovoltaic desalination uses reverse osmosis since the technology is quite 
known and can be adapted to low capacities. Later, a literature review determined that, currently, the 
proposed desalination outline must be of low capacity (5000 L/day). 
 
The future of this work depends of two facts. Firstly, the experimental tests of desalination plant 
should end with success at the Polytechnic University of Baja California. Secondly, the different 
government agencies must be interested in supporting the implementation of such technology in the 
selected places. 
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Table 3 .Locations with highest global solar irradiation 
 
Locality 
Annual average 
global solar 
irradiance 
(MJ/m2) 
Locality 
Annual average 
global solar 
irradiance 
(MJ/m2) 
San Francisco de la Sierra, B.C.S. 21.3 Santa Emilia, Son. 22.0 
Emiliano Zapata, Oax. 20.7 Santa Mónica, Zac. 20.9 
Ensenada de la Ventosa, Oax. 20.7 Colonia la Loma, Zac. 20.9 
Colonia El Bosque, Oax. 20.7 Héroe de Nacozari, Dgo. 20.7 
Colonia La Brecha, Oax. 20.7 Primero de Mayo, Dgo. 20.7 
La Brecha (Lázaro Cárdenas), 
Oax. 20.7 José María Pino Suárez, Dgo. 20.7 
Colonia Huayacán, Oax. 20,7 El Dólar, Coah. 19.7 
Chacala, Jal. 18.7 San Isidro de Berlanga, N.L. 17.6 
Poblado Número Seis (Los 
Natoches), Sin. 20.2 Tierra Blanca, Chih. 20.1 
Bolsa de Tosalibampo Dos, Sin. 20.2 Zaragoza, Chih. 20.1 
Mesa del Seri, Son. 22.7 Miguel Hidalgo, Chih. 20.1 
El Alamito Buenavista (El 
Tronconal), Son. 22.7 San Luis, Chih. 20.1 
San Juan, Son. 22.7 El Predio, Chih. 20.1 
San Bartolo, Son. 22.7 El Carmen [Albergue], Chih. 20.1 
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